Background: To provide an overview of systematic reviews and meta-analyses (SRs/MAs) of the correlation between genetic polymorphisms and blood concentrations of calcineurin inhibitors (CNIs) in recipients of renal transplant.
Introduction
More than 2 million people worldwide suffer from end-stage kidney disease requiring renal replacement therapy, [1] and the kidney transplantation is considered as a superior renal replacement therapy to dialysis. [2] Calcineurin inhibitors (CNIs) can effectively prevent rejection after transplantation and have been widely used in clinical practice as a first-line immunosuppressant after renal transplantation, including tacrolimus (FK506), and cyclosporine A (CsA). However, the range of effective blood concentrations of these drugs is narrow and the individual differences of pharmacokinetic are relatively large. Moreover, even when conventional regimens are used, organ transplant rejection or drug-related toxicity often occurs. Therefore, it is necessary to monitor these blood concentrations to adjust the dosage for individual administration.
Genetic polymorphisms are thought to be the main reason for individual differences in the immune effects of CNIs, including CYP3A4, CYP3A5, and drug transporter P-glycoprotein. [3, 4] Therefore, it is important to determine the influence of polymorphisms on CNI blood concentrations. With the development of pharmacogenomics, increasing attention is being paid to the study of polymorphisms of drug metabolizing enzymes, drug transporters, and drug targets. Therefore, we performed an overview of systematic reviews and meta-analyses to evaluate the relationship between polymorphisms in renal transplant recipients and the blood concentrations of CNIs. The goal of this study was to provide clinicians with an unbiased, quantitative summary of the effect of polymorphisms on CNI blood concentrations to facilitate shared decision-making when discussing CNI therapy with their patients.
Materials and methods

Definitions and inclusion criteria
This overview was approved by the Ethics Committee of West China Hospital, Sichuan University. This overview conducted according to an a priori protocol that adhered to preferred reporting items for systematic reviews and meta-analyses standards for the conduct and reporting of systematic reviews. [5] The explicit research question, framed in a population, intervention, comparison, and outcome format, was reviewed to determine the effects of different genotypes of renal transplant recipients, such as CYP3A4, CYP3A5, and MDR1, on blood concentrations of drugs. Our target population was humans, so studies limited to animals were excluded.
Search criteria
An electronic search of Medline, EMBase, The Cochrane Library (Issue 7, 2016), Chinese Biomedical Literature Database, China National Knowledge Infrastructure, China Science and Technology Journal Database, and Wan Fang Database was performed by a professional information specialist of all articles from inception through July 2016. The search terms "kidney transplantation" and "genotype" were used, limiting results to systematic reviews and meta-analyses in English and the Chinese language. Abstracts were excluded if they were not reviews, were limited exclusively to animals, or had a focus other than the effect of different genotypes of renal transplant patients on blood concentrations of CNIs.
Screening process and methods
The search identified 162 studies (Fig. 1) , of which 104 were unique. Two reviewers independently assessed the initial dataset to ensure that the studies were systematic reviews or metaanalyses. We excluded studies from further consideration if exact search criteria were not provided or if there was no mention of dual data extraction by 2 independent reviewers to reduce bias. Two reviewers independently abstracted data from the included articles using a standardized form and resolved any discrepancies through mutual discussion and re-review of the relevant full-text article.
Evaluation of the included studies
Methodological quality was assessed with the assessing the methodological quality of systematic reviews (AMSTAR) scale, an externally valid and reliable 11-item questionnaire with "yes," "no," "can't answer," and "not applicable" choices. [6] Each of the 14 included articles was given a score out of 11 points, with 1 point given for each "yes" and 0 points given for any other If there was disagreement between the reviewers, the "can't answer" option was selected and no points were awarded.
Data synthesis
Descriptive information collected for each systematic review included the country of origin, the number of studies in the review, the types of studies included (randomized controlled trials, cohort studies, or case reports), adult or children/adult populations, and the type of data reported (qualitative, quantitative, pooled, or nonpooled). Quantitative information included the pooled weighted mean difference (WMDs) or standard mean difference and 95% confidence intervals reported in the systematic review. Because the purpose of this study was to overview existing systematic reviews, we did not attempt to reanalyze original data or conduct new meta-analyses by combining studies from different reviews.
Results
SR search and screening results
Database search strategies yielded 164 records, added 2 records (acquire relevant literature through supplements with other resources), [7, 8] and 60 duplicates were identified and excluded. We also excluded 104 citations after screening the titles and abstracts; thus, the full texts of the remaining 40 citations were retrieved for further assessment. Eleven publications were excluded because of acute rejection, and 14 were excluded for being inconsistent with the target outcome. Thus, a total of 14 SRs were included in this overview. Details of the literature search and selection can be found in Fig. 1 .
Characteristics of included SRs
Fourteen reviews met the inclusion criteria. These studies were published between 2010 and 2015, and 5 were published in the past 3 years. The most common country of origin was China (n = 10). The number of source articles included in each review ranged from seven to 32, with a median of 13. FK506 was assessed as a treatment in 8 reviews, while CsA was assessed in the remaining 6. Seven reviews reported genotypes for CYP3A, 6 reported MDR1 genotypes, and the last review reported both CYP3A and MDR1 genotypes. SR characteristics are shown in Table 1 .
Methodological quality of included SRs
AMSTAR quality scores for the reviews ranged from 7 to 10, with 64% of reviews achieving a score of 9 or 10. All reviews were reproducible in selection and data extraction, provided the characteristics of the included studies and the used appropriate methods to combine study findings. More than 90% of reviews used priori protocols, provided lists of studies (included and excluded), and formulated conclusions with appropriate study quality. Conversely, only half of the reviews described the conflicts of interest (50%). Furthermore, many did not assess publication bias (21%) or assess and document the scientific quality of included studies (43%). AMSTAR criteria for the methodological quality of included studies are shown in Table 2 .
Relationship between genotypes and blood concentration
Cytochrome P-450 CYP3A. Eight systematic reviews [9] [10] [11] [12] [13] [14] [15] [16] stated the CYP3A genotype: 2 [9, 10] were CYP3A4 and the AMSTAR = assessing the methodological quality of systematic reviews, CNI = calcineurin inhibitor, CsA = cyclosporine A, FK506 = tacrolimus, m = month, NR = non report, w = week. [11] [12] [13] [14] [15] [16] were CYP3A5 (Table 3 ). All reviews investigated the effect of CYP3A polymorphisms on CNI C 0 /D, while 1 review [11] investigated the effect of CYP3A polymorphisms on CNI C 2 /D. In 2 systematic reviews, [9, 10] the C 0 /D for FK506 of CYP3A4 * 1G and CYP3A4 * 1B was lower than that for CYP3A4 * 1/ * 1. However, the results of 1 study were questionable because of problems with data pooling. For example, in subgroup analyses of fewer than 14 days, the authors included all data for fewer than 14 days in the same study. We, therefore, re-analyzed these data, and obtained a WMD of 45.16, P < .00001. Six reviews [11] [12] [13] [14] [15] [16] showed that the C 0 /D of CYP3A5 * 3/ * 3 was higher compared with that of CYP3A5 * 1, and 1 review [11] showed that patients carrying the CYP3A5 * 3/ * 3 genotype would require a lower dose of CsA to reach target levels compared with CYP3A5 * 1/ * 1 or * 1/ * 3 carriers because of the higher C 2 /D. Details of these results are shown in Table 3 . Multi-drug resistance gene (MDR1). Seven systematic reviews [16, [17] [18] [19] [20] [21] [22] stated the MDR1 genotype: 5 [16, [18] [19] [20] [21] were MDR1 C3435T and the remaining 2 [17, 22] were MDR1 C1236T and MDR1 G2677T/A. All reviews investigated the effect of MDR1 polymorphisms on CNI C 0 /D. Of 5 reviews [16, [18] [19] [20] [21] with genotype MDR1 C3435T and CNI cyclosporin A or FK506, 2 reviews [18, 19] of cyclosporin A showed that the C 0 /D of CC carriers was lower than that of TT carriers, 1 review [20] of FK506 showed that the C 0 /D of CC carriers was lower than that of TT carriers or CT carriers, and 2 reviews [16, 21] of FK506 showed no significant difference between CC carriers and CT or TT carriers. In a review [17] of genotype MDR1 C1236T with cyclosporin A, there was no significant difference between CC carriers and CT or TT carriers. However, MDR1 G2677T/A GG carriers were shown to require a higher dose of cyclosporin A to reach target levels compared with other carriers. Details of the results are shown in Table 4 .
Su et
Four reviews [17] [18] [19] 22] investigated the effect of MDR1 polymorphisms on CNI C 2 /D for cyclosporin A. The genotype in 2 reviews [18, 19] was MDR1 C3435T; 1 showed that CC carriers reduced the C 2 /D to a greater extent than TT carriers, while the other revealed no significant difference between CC carriers and CT or TT carriers. The review of the MDR1 C1236T genotype showed that CC carriers reduced the C 2 /D to a greater extent than TT carriers, while the review of the MDR1 G2677T/ A genotype showed that GG carriers also reduced the C 2 /D to a 95% CI = 95% confidence interval, AMSTAR = assessing the methodological quality of systematic reviews, C 0 /D = dose-adjusted trough concentrations, CNI = Calcineurin inhibitor, CsA = cyclosporine A, FK506 = tacrolimus. # the re-analysis WMD and 95%CI.
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greater extent compared with other carriers [17] Details of the results are shown in Table 5 .
Discussion
An overview of systematic reviews of evidence-based medicine is a comprehensive method of examining studies of the etiology, diagnosis, treatment, or prognosis of the same disease or health problem. It can identify methodological bias and the quality of evidence for the conclusions of systematic review, providing more centralized high-quality evidences for decision makers. The introduction of evidence-based medicine in the field of genetic polymorphisms will help improve the safety and efficacy of immunosuppressive therapy.
Immunosuppressive agents are often used to prevent transplant rejection after organ transplantation. Long-term use of these agents results in efficacy differences between patients, mainly through non-genetic factors such as liver and kidney function and drug interactions. However, these factors can only explain individual differences in the pharmacokinetics of immunosuppressive agents. Additional factors such as polymorphisms in pharmacokinetic-related genes such as drug-metabolizing enzymes and drug transporter genes further explain these differences.
Cyclosporine A and FK506 are mostly metabolized by the liver and gastrointestinal tract and cytochrome P450 isoenzyme systems. The transportation of the 2 drugs largely involves the multidrug resistance protein, while metabolism and clearance mainly occur through CYP enzymes, especially CYP3A4 and CYP3A5. [9, 10] Polymorphisms in the genes encoding these proteins can lead to different phenotypes and is the main reason for individual differences in drug metabolism rate.
Our study identified several genotypes that are significantly associated with CNI use, including CYP3A5 * 3/ * 3, CYP3A4 * 1B, MDR1 C3435T CC, MDR1 C1236T CC, and MDR1 G2677T/ A GG. The most commonly reported genotype was CYP3A5 * 3/ * 3, which was strongly associated with CsA and FK506. The reviews showed that patients carrying the CYP3A5 * 3/ * 3 genotype would require lower doses of CsA or FK506 to reach target levels compared with CYP3A5 * 1/ * 1 or 
95% CI = 95% confidence interval, AMSTAR = assessing the methodological quality of systematic reviews, C 0 /D = dose-adjusted trough concentrations, CNI = Calcineurin inhibitor, CsA = cyclosporine A, FK506 = tacrolimus. 95% CI = 95% confidence interval, AMSTAR = assessing the methodological quality of systematic reviews, C 2 /D = dose-adjusted peak concentrations, CNI = Calcineurin inhibitor, CsA = cyclosporine A, FK506 = tacrolimus.
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www.md-journal.com * 1/ * 3 carriers. MDR1 C3435T CC was also associated with CNI use, especially CsA therapy. Two reviews of cyclosporin A showed that patients carrying the CC genotype would require higher doses of CsA to reach target levels compared with TT carriers. Other less commonly reported genotypes such as CYP3A4 * 1B, MDR1 C1236T CC, and MDR1 G2677T/A GG could also affect the blood concentrations of CNI. Notably, even the important role of gene polymorphism has been revealed by growing studies, according to the current clinical experience, gene testing is relatively rare, so further practical research is needed. There are several limitations to the present study. First, because this study was an overview of systematic reviews, we may have overlooked polymorphisms associated with CNIs that were published as individual studies or case reports. However, our intent was to identify and focus on those genotypes that were reported with sufficient frequency to justify systematic reviews, which yielded robust information on CYP3A5 * 3/ * 3 and MDR1
C3435T CC. This is further limited because most studies did not state the CNI dose so as such could not be further analyzed. Second, which is common to all overview studies, is the potential redundancy (overlap) of articles included in individual systematic reviews. Because of the risk of publication bias and the differences in the nature of the data presented, differences in effect size as they relate to study type could not be established. Finally, our study did not describe the effect of polymorphisms on CNI blood concentrations among ethnic groups. These effects, though important, were outside the scope of our overview. Of note, while strictly pediatric studies were excluded from our analysis, none of the studies with mixed populations separated pediatric and adult populations in their analyses. Future studies may better delineate these differences, if any. In summary, our overview of systematic reviews demonstrated the consistent and clinically important impact of CYP3A5 * 3/ * 3 and MDR1 C3435T CC on CNI therapy.
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